This paper presents some of the results from the Commission of the European Communities collaborative research program (contract number EV5V-CT92-0221), whose aim is to investigate the relationship between exposure to petroleum emissions, benzene, and induction of genetic damage in human cells. Twenty-four workers from petroleum plants in Poland and 35 unexposed controls were examined for cytogenetic effects and ras oncoprotein levels and their relationship to confounding factors (e.g., smoking habit, sex, family cancer history, and seasonal influence). Preliminary data of chromosome aberrations (CA) and sister chromatid exchanges (SCE) showed differences among sampling subgroups. In this present study, the levels of ras p21 proteins were determined and further analyses of CA, SCE, high frequency cells (HFC), and proliferative rate index (PRI) have been undertaken. Results show that the exposed group has statistically significant increases in CA, and percent of aberrant cells. There were no differences between exposed and unexposed groups in SCE, HFC, PRI, or the levels of ras p21 proteins. Smoking was found to statistically significantly affect levels of CA, percent of aberrant cells, SCE, HFC, and ras proteins. Sister chromatid exchanges were also statistically significantly sex dependent (7.5 breaks/cell for females and 6.8 breaks/cell for males). There were no statistically significant differences for CA, percent aberrant cells, SCE, HFC, or ras p21 protein levels in subgroups characterized according to cancer cases reported in the immediate family. A seasonal variability was shown with statistically significant increases in various biomarkers in the winter. Unexposed groups also showed increases due to smoking and season. The nonsmoking group individuals also showed statistically significant increases in cytogenetic damage with exposure. -Environ Health Perspect 1 04(Suppl 3): 609-613 (1996) 
Introduction
Chemical carcinogens have the ability (2) . Workers in various industrial plants, to initiate the carcinogenic process by particularly those in petroleum plants, are mutagenic or genotoxic mechanisms (1). exposed to benzene and benzene-related Benzene is considered to be a human compounds as a result of various activities carcinogen, it is dastogenic to rodents and in which benzene is processed, generated, humans, and it affects the immune response or used. A 
Materials and Methods

SpH
Interviews were performed using a questionnaire recommended for this type of study (3) . Blood samples were collected from several exposed and unexposed subgroups. To avoid a seasonal influence, sampling of exposed and unexposed subgroups was carried out during the same time period either in winter or in summer. Table 1 presents the characteristics of the exposed and unexposed subgroups.
Blood samples from the exposed groups were collected in 1993 and 1994 in two petroleum plants described elsewhere (4, 5) . The available information on the production and emission of these plants is shown in Table 2 . Individual monitoring of workers was not undertaken at the time. Two subgroups of unexposed donors were chosen from administrative staff at the petroleum plant and from the region of southern Poland characterized by a low level of pollution (6) and a low level of total cancer cases (7) . Blood (Figure 2 ). SCE levels were slightly higher in the exposed group but were not statistically significant by comparison with the unexposed group. There were also no significant differences between exposed and unexposed groups in HFC, proliferative rate index (PRI), or the levels of ras p21 proteins ( Figure 1 ). The level of ras p2l showed significant variation with the duration of exposure, but there was no linear correlation between oncoprotein levels and years of occupational exposure ( Figure 2) .
Results of the analysis regarding confounding factors are presented in Table 4 , where smoking was found to cause significant increases in TabF, AbF, AbC, SCE, HFC, and ras ( Figure 3) . SCE, HFC and ras protein levels showed significant variation with the different categories of smoking habits; however, there was no simple relationship observed between the length or extent of smoking and the level of damage observed (Figure 4 ). SCEs and HFC were found to be significantly sex (female) dependent ( Figure 5 ). There were Types of effects Figure 3 . Influence of smoking on biomarkers in smokers and nonsmokers in the study population. PRI, proliferative rate index. *Significance level <0.05. **Significance level <0 .005. no significant differences for CA, SCE, HFC, or ras p21 protein levels in subgroups characterized according to cancer history, i.e., cancer cases reported in the immediate family (Table 4 ). There were large differences for all the biomarkers in the study in relation to the sampling season ( Figure 6 ). There were statistically significant increases in TAbF, AbF, AbC, SCE, and HFC and a decrease in ras p21 when the blood was collected in winter. Variability among the biomarkers in the unexposed subgroup caused by confounding factors is shown in Table 5 . Again females showed an increase in levels of SCE and HFC and a decrease for PRI. There was also an influence of season; higher values of SCE and HFC were seen in winter.
The various biomarkers for the nonsmoking population in relation to exposure are shown in Table 6 . There was a statistically significant effect on TAbF, AbF, and HFC due to exposure.
Discussion
There are other reports of increases in CA frequencies in lymphocytes of workers exposed to high levels of benzene (2) . Our studies have examined the influence of occupational exposure on the various parameters measured in workers from petroleum plants from the central part of Poland. Our results have revealed a significant increase in cytogenetic aberrations in the work population under study and in nonsmoking individuals, but the increase was not correlated with the duration of exposure using recommended statistical procedures (16) . Other studies performed in Hungary and Poland also showed significantly higher frequencies of chromosomal aberrations for exposed workers. Again, there was no correlation between aberration frequencies and the duration of exposure to petroleum emissions and benzene (17, 18) . Results of our studies also revealed an increase in other biological end points investigated in the petroleumexposed groups. Smoking was also found to affect various biomarkers both in the whole population under study and in the unexposed group, as has previously been shown (19) .
A seasonal influence on genotoxic biomarkers in a Polish population has been already observed by Perera et al. (20) and by Anderson et al. (15, 21) in a United Kingdom control population. Our data also confirm that there is some seasonal effect on cytogenetic damage, both in the whole population and in the unexposed subgroup where responses are higher in winter. There are various possible reasons for such effects. Environmental pollution might be higher in the winter season due to the intensive combustion of coal for residential heating during the winter months (20) , and there are less flora to help remove toxic environmental contaminants. Another reason could be a possible inadequacy in the diet of ordinary Polish people who, in the winter season may be unable to afford sufficient fruit and vegetables containing antioxidant vitamins, which might help protect them from environmental contaminants.
